The b-defensins, best known as antimicrobial peptides, are necessary for proper sperm maturation, according to a new study in mice. The peptides seem to prevent the sperm from undergoing premature capacitation, a process that normally occurs in the female reproductive tract.
Mice and humans each have dozens of b-defensin genes, which are thought to play a major role in innate immune defense and fighting off various microbes. The b-defensins have also been implicated in male reproduction. In rats, for instance, some b-defensins influence sperm motility, and in humans, the b-defensin DEFB126 seems to influence the ability of sperm to penetrate female cervical secretions; men with homozygous mutations in this gene have impaired fertility.
To examine the function of b-defensins more closely, Yu S. Zhou et al. deleted nine b-defensin genes in a gene cluster on a single chromosome that were expressed most strongly in the male reproductive tract in mice. Four of these genes have human orthologs that are also expressed strongly in the male reproductive tract.
The researchers found that male mice lacking all nine genes were infertile. Their sperm were fragile, with the heads easily breaking off from the tails. Closer analysis revealed that the sperm had elevated levels of calcium and increased spontaneous acrosome reactions (as indicated by changes in the composition of membrane proteins and other molecular markers), all of which suggested that the sperm underwent premature capacitation in the male reproductive tract.
Capacitation involves changes in membrane properties and an increase in intracellular calcium; the result is an increase in motility and an induction of the acrosome reaction, which are necessary steps for sperm to fuse with the oocyte. If these changes occur prematurely, however, the induced destabilization of microtubules leads to poor sperm motility and ultimately to infertility (Fig. 1) .
The researchers speculate that b-defensins may control the entry of calcium into calcium channels. Future studies could explore the potential value of these peptides as targets for contraceptive development, perhaps for use as topical contraceptives in the female reproductive tract. It's not always easy for lactating dairy cattle to conceive and maintain a pregnancy. They've been bred for traits such as high milk production that may have contributed to a problem that's long vexed cattle breeders-a decline in fertility over the last several decades. A new study uncovers four genes involved in bovine fertility and guides the way to enhancing fertility through the use of molecular markers during cattle breeding.
Researchers have been mining the cattle genome for genetic information on favorable traits since its sequencing was completed in 2009. In the current study, Mayumi Sugimoto et al. performed a genome-wide association study on 384 Holstein cows, half with high conception rates and half with low rates. They identified six loci associated with fertility and focused on four known genes.
Their analysis suggested that two of the genes affect gap junctions, known to be required for proper attachment of the embryo to maternal tissues. In cultured bovine endometrial cells, PKP2 affected the expression level of the gap-junction protein connexin 43 (Cx43), and CTTNBP2NL dephosphorylated Cx43. Knocking down PKP2 or overexpressing CTTNBP2NL inhibited embryo implantation in mice.
The other two genes seemed to be involved in controlling levels of reproductive hormones. SETD6 modifies a subunit of NFKB, which is known to regulate the transcription of GnRH, a key reproductive hormone. Cows with a single nucleotide polymorphism (SNP) in SETD6 had reduced fertility and reduced levels of the GnRH-regulated hormones FSH and LH, which are critical for ovulation. GnRH secretion also appeared to be affected by the second gene identified in this class, CACNB2.
Together, the four SNPs in these genes could account for a 3.5-percent difference in fertility rate, the researchers calculated. This is a pretty substantial effect, but more genes may yet be discovered.
The heritability of reproductive traits, including fertility, is low compared to other phenotypes, such as lactation and adipose accumulation. Current procedures to select for fertility are hampered by the lengthy generation time in cattle and include methods such as measuring the circumference of a bull's scrotum, which not only indicates his fertility, but also is used to infer the fertility of his female offspring. Instead, it may soon be routine for cattle breeders to use molecular markers, such as those identified in this study, to select for fertility. Only two genes on the Y chromosome are necessary for a male mouse to procreate using assisted reproduction, according to a new report.
Previous studies attempting to track down genes essential for maleness have used transgenic mice with one X and no Y chromosome. Upon transgenic addition of the male sex determination gene, Sry, mice develop testes containing spermatogonia, but these immature cells arrest and do not undergo meiosis. Addition of another gene, Eif2s3y, enables the spermatogonia to develop further; most undergo meiosis I and a few undergo meiosis II, developing into round, spermatid-like cells.
Yasuhiro Yamauchi et al. asked if these spermatid-like cells could be used to fertilize an oocyte and produce offspring. The researchers fertilized eggs with spermatid-like cells from mice expressing only the Y chromosome-linked genes Sry and Eif2s3y. Using a technique called ROSI (round spermatid injection), the researchers injected the spermatid into the oocyte and were able to obtain live and apparently healthy offspring.
The findings raise the question of whether it may be possible to render males obsolete-for instance, by shuffling key Y-chromosome genes onto the X chromosome or onto an autosome. But ladies, don't close your Match.com accounts-humans have an Sry gene, but lack a Y-linked copy of Eif2s3y, a translation initiation factor.
Many of remaining genes on the human Y chromosome seem to be necessary for the formation of normal sperm. For men who are infertile because their sperm fail to develop past the spermatid stage, the new study holds out hope that ROSI, currently an experimental clinical procedure, may allow them to procreate. 
